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Yeshurun and Levy (2003) [Transient spatial attention degrades temporal resolution. Psychological Science, 14, 225 –231.] have sug-
gested that visual attention enhances the activation of the parvocellular system and thus delays the perceived oﬀset of a stimulus. We
tested this assumption in a spatial cueing paradigm in which participants responded to stimulus oﬀset. Consistent with this assumption,
oﬀset reaction time (RT) was prolonged for attended compared to unattended stimuli. For onset RT, however, we conﬁrmed the well-
known spatial cueing eﬀect that attention speeds up the detection of stimulus onset. The results provide direct evidence for the proposal
made by Yeshurun and Levy.
 2006 Elsevier Ltd. All rights reserved.
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The functional role of visual attention is often compared
to a ﬁlter mechanism which selects relevant information
from the bulk of all environmental stimuli (Broadbent,
1958), and which may enhance the processing of selected
stimuli (cf. Pashler, 1998). This view about attention is sup-
ported by numerous studies. For example, participants
respond faster to attended than to unattended stimuli
(e.g., Henderson, 1991; Jonides, 1980; Posner, Snyder, &
Davidson, 1980). In addition, discrimination of line length
(Bonnel, Possamaı¨, & Schmitt, 1987), line orientation (e.g.,
Cheal, Lyon, & Hubbard, 1991; Downing, 1988), orienta-
tion of Gabor patches (Carrasco, Penpeci-Talgar, & Eck-
stein, 2000; Lu & Dosher, 1998; Yeshurun & Carrasco,
2000), vernier stimuli (Yeshurun & Carrasco, 1999), Lan-
dolt-squares (Yeshurun & Carrasco, 1999), and letters
(e.g., Henderson, 1991, 1996) is enhanced if attention is0042-6989/$ - see front matter  2006 Elsevier Ltd. All rights reserved.
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E-mail address: bettina.rolke@uni-tuebingen.de (B. Rolke).allocated to these stimuli. All these studies support the
hypothesis that visual attention facilitates perceptual pro-
cessing. There are, however, two exceptions to this rule.
First, Yeshurun and Carrasco (1998) found that visual
attention improves the detection of texture segregation at
the periphery, but hampers this detection at central loca-
tions by enhancing spatial resolution.
Second,Yeshurun andLevy (2003) reported another even
more dramatic impairment by showing that attention can
actually lower the temporal processing of the visual system.
Their participants performed a temporal discrimination
task. In some trials, two successive light ﬂashes, separated
by a brief temporal interval, were presented to the same loca-
tion in the display. In the remaining trials, a single continu-
ous ﬂash was presented. Participants were asked to
discriminate between both types of trials. Furthermore, a
spatial cue appeared shortly before the presentation of the
target stimulus. In the valid condition, this cue shifted visual
attention to the location atwhich the stimuluswas presented.
In the neutral condition, however, the cue did not restrict
attention to a particular location. Surprisingly, the detection
of the temporal gap was impaired in the valid condition.
Recently, Rolke, Dinkelbach, Hein, and Ulrich (2006)
replicated this eﬀect with an alternative arrangement of
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the study of Yeshurun and Levy (2003) by an invalid cue,
which was physically identical to the valid one. In line with
the results of Yeshurun and Levy, temporal gap detection
was impaired when attention was oriented toward the stim-
ulus location. In addition, Hein, Rolke, and Ulrich (2006)
have successfully generalized this eﬀect to another temporal
task in which participants were asked to discriminate the
temporal order of two spatially adjacent dots. In a series
of three experiments and in accordance with Yeshurun
and Levy’s result, they have shown that automatically ori-
ented visual attention impairs discrimination performance.
Yeshurun and Levy (2003) also ruled out the possibility
that the decrement of performance in the valid condition
merely reﬂects a non-attentional interference eﬀect. In a
control experiment, participants were required to detect a
spatial gap in a Landolt-circle instead of a temporal gap.
Consistent with the bulk of studies on visual attention
(e.g., Yeshurun & Carrasco, 1999), the detection of the spa-
tial gap was improved in the valid condition. In sum, then,
the results of Yeshurun and Levy (2003) show that visual
attention enhances the performance of spatial discrimina-
tion but impairs temporal discrimination. In other words,
attention enhances the spatial yet lowers the temporal res-
olution of the visual system.
To account for this trade-oﬀ between the temporal and
the spatial resolution, Yeshurun and Levy (2003) have pro-
posed a neurophysiological hypothesis of attention. Accord-
ingly, attention selectively inﬂuences the parvo- and the
magnocellular pathways of the visual system. More specif-
ically, the authors have assumed that visual attention facil-
itates the activity of parvocellular neurons at the attended
location, which in turn is assumed to inhibit the activity of
magnocellular neurons at the same location. Thus, atten-
tion should highlight the attributes of the parvocellular sys-
tem compared to those of the magnocellular system.
Neurophysiological studies have shown that parvocellular
neurons not only exhibit smaller receptive ﬁelds but also
longer response durations than magnocellular neurons
(e.g., Maunsell & Gibson, 1992). Thus, Yeshurun and Levy
(2003) have argued that the increased activity of parvocel-
lular neurons at the attended location enhances the spatial
resolution due to their smaller receptive ﬁelds. Crucially,
however, the associated prolonged neuronal response min-
imizes the possibility of detecting the temporal gap in the
target stimulus at the attended location, since stimulus
input at the attended location is integrated over a longer
period within the parvocellular system.
To further test the assumed inhibitory interaction
between the parvocellular and the magnocellular channels,
Yeshurun (2004) minimized the contribution of the magno-
cellular system on stimulus processing and predicted that
this should eliminate the diﬀerential eﬀect of attention on
temporal discrimination performance. As predicted, the
cueing eﬀect was reduced when isoluminant stimuli (Exper-
iment 2) or a red background (Experiment 3) were
employed, which are known to primarily activate the par-vocellular system. This pattern of results strengthens the
notion that the negative eﬀect of attention involves an inhi-
bition of the magnocellular system; otherwise no reduction
of this eﬀect should have occurred.
The neurophysiological hypothesis of Yeshurun and
Levy (2003) also implies that attention should inﬂuence
the perceived duration of a visual stimulus. Since the
hypothesis assumes that attention facilitates the activity
of parvocellular neurons and since parvocellular neurons
have longer response latencies than magnocellular ones,
the hypothesis implies that attention delays the perceived
termination of a stimulus.
Consequently, attended stimuli should be perceived to
last longer than unattended ones. In fact, psychophysical
studies by Mattes and Ulrich (1998) and Enns, Brehaut,
and Shore (1999) clearly support this prediction. These
authors employed a spatial cueing paradigm (Posner
et al., 1980) to assess the eﬀect of spatial attention on per-
ceived duration. For example, Mattes and Ulrich used
exogenous and endogenous precues to direct spatial atten-
tion and found that stimuli at the precued location appear
generally longer than stimuli at the uncued location. Enns
et al. additionally examined the relationship between this
eﬀect on stimulus duration and the cueing eﬀect of atten-
tion on perceived stimulus onset. An endogenous cue ori-
ented attention. One group of participants performed a
duration judgment. Consistent with the study of Mattes
and Ulrich, the perceived duration of the attended stimulus
was prolonged. A second group of participants performed
a temporal order task, i.e., they were required to indicate
which one of two dots appeared ﬁrst on the screen. The
results of this task showed that the perceived onset of
the attended dot speeds up. On the basis of the results of
the two groups, Enns et al. have reasoned that the eﬀect
of attention on perceived duration does not reﬂect changes
of perceived stimulus onset. Accordingly, the attentional
eﬀect on perceived stimulus duration should result from
an attentional inﬂuence on perceived stimulus oﬀset. We
are not aware, however, of any study providing direct evi-
dence for the hypothesis that attention prolongs the per-
ceived termination of a stimulus.
The ﬁnding by Yeshurun and Levy (2003) that attention
impairs temporal gap detectionmight be due to two (not nec-
essarily exclusive) reasons. First, as proposed by the neuro-
physiological hypothesis, the perceived gap might be
shortened because of a prolonged persistence of the ﬁrst disc
due to longer response latencies of parvocellular neurons.
Second, and contrary to their hypothesis but in agreement
with the prior entry eﬀect (Carrasco&McElree, 2001; Shore,
Spence, & Klein, 2001; Titchener, 1908), the perceived gap
might be shortened because attention exclusively accelerates
the perceived onset of the post-gap disc. Available data do
not allow to distinguish which of the two accounts might
have been contributed to the impaired gap detection perfor-
mance in the study of Yeshurun and Levy (2003).
Therefore, the present study aimed to disentangle these
two accounts. We used the experimental setup of Yeshurun
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attended or unattended position. Instead of the gap-detec-
tion task, a simple reaction time (RT) task was employed to
assess the eﬀect of attention on perceived stimulus oﬀset
(e.g., Baro, Brzezicki, Lehmkuhle, & Hughes, 1992).
According to the neurophysiological hypothesis, we expect-
ed that oﬀset RT should be prolonged in the attended con-
dition compared to the unattended one. In an additional
condition, we asked the participants to respond to stimulus
onset. According to the prior entry eﬀect (Schneider &
Bavelier, 2003; Shore et al., 2001), we expected that atten-
tive stimulus processing should result in shorter onset RT.
2. Experiment 1
The ﬁrst experiment assessed the inﬂuence of visual
attention on the perception of stimulus onset and oﬀset.
Stimulus presentation was similar to Experiment 1 of the
study of Yeshurun and Levy (2003). Either a neutral or a
valid cue preceded the target stimulus. Participants
responded in one condition to the onset and in the other
condition to the oﬀset of the target stimulus by pressing
a response button. This approach for assessing the per-
ceived on- and oﬀset of a stimulus has been employed by
studies on signal detection, visual persistence, and for
investigating the perceived duration of a stimulus (Baro
et al., 1992; Briggs & Kinsbourne, 1972; Di Lollo, Enns,
Yantis, & Dechief, 2000; Parker, 1980; Tolhurst, 1975).
To control for non-attentional persistence eﬀects associated
with stimulus duration (e.g., Efron, 1970), three diﬀerent
target durations were used. Therefore, the factorial combi-
nation of stimulus duration, cueing condition, and task
resulted in twelve experimental conditions.
2.1. Method
2.1.1. Participants
Twenty participants were recruited.Fig. 1. Time course of a single trial in Experiment 1. Following the ﬁxation cro
or to no speciﬁc location (neutral condition). After a ﬁxed stimulus onset async
of the participant was either to react to the onset (onset condition) or the oﬀs
must not respond were included in one forth of all trials.2.1.2. Stimuli and apparatus
Stimulus presentation is illustrated in Fig. 1. As in the
study of Yeshurun and Levy (2003), all stimuli but the
cue (green, 44 cd/m2) were presented in white (38 cd/m2)
on a black (<0.01 cd/m2) background of a standard
VGA computer screen (60 Hz). A disk of 3 diameter
visual angle served as target stimulus and appeared with
an eccentricity of 4 either to the left or to the right of
a white ﬁxation cross (0.5 · 0.5) which remained at the
center of the screen during the whole course of a trial.
As in Yeshurun and Levy‘s study, the cue in the validly
cued trials was a horizontal bar, which subtended a visual
angle of 1 · 0.3 and appeared 0.5 above the target’s
location. The neutral cue—which stretched almost the
entire display—consisted of two 14 · 0.3 horizontal
lines appearing 0.5 above and 0.5 below the target’s
location.
Participants viewed the screen from a distance of 50 cm.
A chin rest was adjusted to place the ﬁxation cross in the
center of the participant’s horizontal straight-ahead line
of sight. Participants responded with their right index ﬁn-
ger on an external response button.
2.1.3. Procedure and design
A trial began with the presentation of the ﬁxation cross.
After an interval of 1000 ms, the cue appeared. Then, after
a stimulus onset asynchrony (SOA) of 100 ms the target
was presented for 33, 50, or 100 ms. Participants responded
as fast as possible to the onset or to the oﬀset of the target.
To minimize anticipatory behavior, no-go catch trials, in
which the participants had to withhold their response, were
included in one forth of all trials. As in the study of Baro
et al. (1992), we employed diﬀerent catch trials for the onset
and for the oﬀset conditions. Speciﬁcally, in onset catch tri-
als, no target stimulus appeared, whereas in the oﬀset con-
dition, the target remained on the screen for an especially
long period (1000 ms) and disappeared together with the
cue at the end of the trial.ss, the cue orients attention to one location in the display (cued condition)
hrony (SOA) of 100 ms the target appeared for 33, 50 or 100 ms. The task
et (oﬀset condition) of the target. No-go catch trials in which participants
Fig. 2. Results of Experiment 1. Reaction times (RT) of correct responses
as a function of task condition (onset vs. oﬀset), cueing condition (cued vs.
neutral), and target duration (33, 50, and 100 ms). The standard error was
computed from the pooled error-terms of the corresponding ANOVA
according to a suggestion made by Loftus (2002).
1 In a further ANOVA, order of task condition (onset–oﬀset vs. oﬀset–
onset) was included as an additional factor. This factor, however, did not
modulate the cueing eﬀect, F < 1, and hence this eﬀect cannot be
attributed to task order.
2 We thank Adam Reeves for suggesting this alternative.
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cue or the ﬁxation cross (e.g., Pratt &Hirshhorn, 2003), both
the cue and the cross stayed on the screen for 1000 ms after
target onset. Only in the catch trials of the onset condition,
ﬁxation cross and cue disappeared 1000 ms after cue onset.
The next trial was initiated after 2000 ms. At the end of each
experimental block, feedback about the overall percentage
of correct responses was provided on the screen. The partic-
ipants initiated the next block by pressing a key.
Each participant was tested in two conditions. In the
onset condition, participants had to respond as fast as pos-
sible to the onset of the target. In the oﬀset condition, how-
ever, participants responded to the oﬀset of the target.
Auditory feedback was presented when they responded in
no-go trials or when RT was shorter than 150 ms after tar-
get presentation (onset condition) or target disappearance
(oﬀset condition), or when RT exceeded 500 ms after target
onset (onset condition) or after target disappearance (oﬀset
condition). Participants were asked to respond correctly
and quickly and to keep their eyes on the ﬁxation cross
as long as the cross was visible. The maximal interval
(200 ms) between the onset of the cue and the oﬀset of
the target was too brief to allow an eye movement towards
the target (Deubel & Schneider, 1996; Hoﬀman & Subr-
amaniam, 1995; Mayfrank, Kimming, & Fischer, 1987).
Each participant worked on each task condition (onset
and oﬀset), and the sequence of both conditions was bal-
anced across participants. Each task condition consisted
of 12 blocks of 32 trials each. The ﬁrst two blocks were
considered practice and excluded from data analysis. Each
factorial combination of Cue (cued or neutral), Target
Duration (33, 50, 100 ms, or catch trials), and Target Posi-
tion (left or right) occurred equally often within a block. In
50% of all trials the valid cue was presented and the target
stimulus appeared at the cued location (cued condition). In
the remaining 50% of all trials, the neutral cue was present-
ed and the target was equally probable presented at one of
the two target locations (neutral condition).
2.2. Results and discussion
All trials with false alarms (too early reaction or reac-
tion within no-go trials; 2.7%) or trials with misses (too late
or no reaction in go trials; 1.4%) were discarded from RT
data analysis. An analysis of variance (ANOVA) was per-
formed on go-trial RT of correct responses with factors
Task Condition (onset vs. oﬀset), Cue (cued vs. neutral),
and Target Duration (33, 50, and 100 ms). p-values were,
whenever appropriate, adjusted for violations of the sphe-
ricity assumption using the Greenhouse-Geisser correction.
Fig. 2 depicts mean RT of correct responses as a func-
tion of Task Condition, Cue, and Target Duration. Consis-
tent with previous studies (Baro et al., 1992; Briggs &
Kinsbourne, 1972), shorter RTs were obtained for the
onset than for the oﬀset condition, F (1,19) = 43.1,
p < .001, mean RT = 273 vs. 312 ms. The interaction
between Task Condition and Target Duration,F (2,38) = 4.2, p < .05, reﬂects somewhat prolonged RT
for the 100 ms compared to the other target durations in
the onset condition. Most important, however, Cue aﬀect-
ed RT, F (1,19) = 14.7, p < .01, and this eﬀect diﬀered
between the onset and oﬀset condition, F (1,19) = 54.7,
p < .001. Whereas there was no signiﬁcant eﬀect of Cue
on onset RT, oﬀset RTs were prolonged for cued trials,
F (1,19) = 43.4, p < .001, mean RT = 323 vs. 300 ms. This
cueing eﬀect even increased with target duration,
F (2,38) = 21.3, p < .001.1 An additional analysis of d 0 with
the factors Task Condition and Cue indicated that the RT
eﬀects were not caused by a tradeoﬀ between speed and
accuracy. Participants performed better in the onset
(d 0 = 5.2) than in the oﬀset condition (d 0 = 3.7),
F (1,19) = 4.5, p < .05, and were also better in the neutral
(d 0 = 4.7) than in the cued trials (d 0 = 4.2),
F (1,19) = 34.1, p < .001. Task condition and Cue did not
interact signiﬁcantly on d 0, F (1,19) = 1.9, p > .18.
Although the obtained oﬀset cueing eﬀect is consistent
with the notion that attention prolongs the perceived oﬀ-
set, one might attribute this outcome to an alternative
account.2 Accordingly, participants respond to the onset
of the stimulus in a certain percentage of trials, even if
they were instructed to respond to the oﬀset. If one
assumes that this happens primarily in the neutral condi-
tion, this account might explain why mean oﬀset RT was
shorter in the neutral than in the cued condition. An addi-
tional analysis of the observed RT distributions revealed,
however, that this alternative account must be ruled out
(Appendix A).
Fig. 3. Results of Experiment 2. Reaction times (RT) of correct responses
as a function of cueing condition (cued vs. neutral) and SOA (133, 150,
and 200 ms). The standard error was computed from the pooled error-
terms of the corresponding ANOVA according to a suggestion made by
Loftus (2002).
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the perceived oﬀset of a visual stimulus and this supports
Yeshurun and Levy’s (2003) neurophysiological hypothe-
sis. However, the result that onset RTs were unaﬀected
by the cueing manipulation is inconsistent with studies
which show earlier onset detection RT in cued compared
to uncued conditions (e.g., Shore et al., 2001). This lack
of an eﬀect may be due to low temporal stimulus uncertain-
ty. More speciﬁcally, since SOA was kept constant at
100 ms, temporal uncertainty (e.g., Niemi & Na¨a¨ta¨nen,
1981) was especially low in the onset condition and so tem-
poral preparation could have masked potential cueing
eﬀects on RT. For example, participants may have tempo-
rally anticipated stimulus onset rather than based their
response on perceived stimulus onset. Experiment 2
addresses whether this possibility might account for the
missing inﬂuence of attention on onset RT.
3. Experiment 2
In Experiment 1, we obtained a reliable spatial cueing
eﬀect on oﬀset RT. Contrary to the literature (e.g., Shore
et al., 2001), however, there was no cueing eﬀect on onset
RT. Because we hypothesized that the missing eﬀect might
be due to low temporal uncertainty, Experiment 2 enhances
this uncertainty.
3.1. Method
3.1.1. Participants
A fresh sample of 20 participants was recruited.
3.1.2. Stimuli, apparatus, design, and procedure
These were identical to the previous experiment except
for the following modiﬁcations. First, the oﬀset condition
was eliminated, i.e., participants responded only to the
onset of the target and the target terminated with response
onset (e.g., Di Lollo et al., 2000). No target appeared in
catch trials. Second, SOA between the cue and the onset
of the target was varied and prolonged. In order to enable
a comparison of the onset and the oﬀset condition in
Experiment 1, we used SOAs of 133, 150, or 200 ms to mir-
ror the cue-oﬀset intervals of Experiment 1. Third, block
duration was shortened and an experimental session con-
sisted of 44 blocks of 16 trials each. The ﬁrst four blocks
were considered practice and excluded from data analysis.
Each factorial combination of Cue (cued or neutral), SOA
(133, 150, 200 ms, or catch trials), and Target Position (left
or right) occurred equally often in each block.
3.2. Results and discussion
Participants produced an overall false alarm rate of
1.4% and 0.7% misses. Analogous to Experiment 1, an
ANOVA was performed on go-trial RT of correct respons-
es with factors Cue (cued vs. neutral) and SOA (133, 150,
and 200 ms). Fig. 3 depicts mean RT of correct responsesas a function of Cue and SOA. Theoretically most impor-
tant, RTs in cued trials were shorter than RTs in neutral
trials F (1,19) = 18.9, p < .001. Although this cueing eﬀect
is small, it is comparable in size with other results (Shore
et al., 2001). The eﬀect tended to vary with SOA,
F (2,38) = 3.3, p = .051, and was most pronounced at the
longest SOA. In addition, RTs were generally prolonged
in the 200 ms SOA condition, F (2,38) = 8.5, p < .01. Dis-
crimination performance (d 0) was marginally lower here
than in the onset condition of Experiment 1 and did not
diﬀer between cued and neutral trials (both d 0 = 4.9),
F < 1. The results of Experiment 2 reveal that attention
shortens onset RT. More important, however, the results
show that the lack of any cueing eﬀect on onset RT in
Experiment 1 can be attributed to low temporal
uncertainty.
4. General discussion
Based on psychophysical results, Yeshurun and Levy
(2003) proposed that visual attention prolongs the per-
ceived oﬀset of a visual stimulus. The present study
employed a chronometric approach to provide convergent
evidence for this proposal. Speciﬁcally, our participants
were asked to conduct a speeded response to the oﬀset of
a visual stimulus whereas the stimulus appeared either at
an attended or unattended location. The results of the ﬁrst
experiment clearly revealed longer oﬀset RT for attended
than for unattended stimuli and thus provide further inde-
pendent evidence for Yeshurun and Levy’s proposal.
Experiment 2 served as a control experiment and con-
ﬁrmed a possible explanation (temporal advance prepara-
tion) why an attentional eﬀect on onset RT was absent in
Experiment 1.
The neurophysiological hypothesis of Yeshurun and
Levy (2003) provides an explanation for the ﬁnding that
Fig. 4. Vincentized cumulative reaction time distributions for the cued
and neutral condition. Each panel depicts the results for a diﬀerent target
duration.
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lined in Section 1, the primary premise of their hypothesis
asserts that attention facilitates parvocellular over magno-
cellular processing. As a result of the longer response dura-
tion of parvocellular neurons relative to magnocellular
neurons, the neuronal signal of attended stimuli should
persist longer within the visual system than that of unat-
tended stimuli. Accordingly, the oﬀset of an attended stim-
ulus should be perceived relatively late.
As discussed in Section 1, this hypothesis is also consis-
tent with previous psychophysical studies demonstrating
that visual attention prolongs perceived stimulus duration
(Enns et al., 1999; Mattes & Ulrich, 1998). Furthermore,
it agrees with other studies that have shown that the
amount of attention allotted to a stimulus inﬂuences its
perceived duration. For example, infrequent, attention-
catching ‘‘oddball’’ stimuli are judged to last longer than
frequently encountered and thus less attended stimuli
(Tse, Intriligator, Rivest, & Cavanagh, 2004; Ulrich, Nit-
schke, & Rammsayer, in press). In addition, allocation of
attention to a nontemporal second task shortens the per-
ceived duration of a simultaneously occurring event (e.g.,
Brown, 1995, 1997). Although, each of these phenomena
can be addressed by a diﬀerent account, the neurophysio-
logical hypothesis by Yeshurun and Levy (2003) provides
a unitary framework on how attention modulates the tem-
poral representation of stimulus input within the visual
system.
None of these studies just mentioned separated the inﬂu-
ence of attention on perceived stimulus onset and oﬀset.
Thus, it remained unclear whether the prolonged perceived
duration of an attended stimulus resulted exclusively from
a prior entry eﬀect, i.e., an earlier perception of an attended
stimulus (Carrasco & McElree, 2001; Schneider & Bavelier,
2003; Shore et al., 2001) or an additional eﬀect of attention
on the perception of stimulus oﬀset. The present results
show that attention not only accelerates onset perception
but also delays oﬀset perception. Therefore, the present
results reveal new insights into the inﬂuence of attention
on visual stimulus processing. To our knowledge, this is
the ﬁrst experimental demonstration that visual attention
shortens the perceived stimulus onset but delays its per-
ceived oﬀset.
Appendix A.
This appendix brieﬂy outlines the assumptions and the
main prediction of the alternative account that we have
mentioned in the main text. This prediction will be com-
pared to the observed results.
Consider a single trial in the oﬀset RT condition with a
stimulus of duration d. According to this alternative
account, the participant responds incorrectly with proba-
bility p to the onset of the stimulus and correctly with
1  p to the oﬀset of the stimulus. Let A (t) be the cumula-
tive distribution function (CDF) of RTs, when the response
is triggered by stimulus onset. Likewise let B (t) be the CDFof RTs when the participant correctly responds to the ter-
mination of the stimulus. For example, function B (t) might
be identical to A (t) but shifted by d milliseconds to the
right along the t-axis, i.e., B (t) = A (t  d). Therefore, the
predicted overall CDF of RTs in the oﬀset condition repre-
sents a probabilistic mixture distribution, that is
CDF ðtÞ ¼ p  AðtÞ þ ð1 pÞ  BðtÞ:
According to this mixture model, if p is larger in the neu-
tral than in the cued condition, mean RT should be shorter
in the neutral condition than in the cued condition, because
the mean associated with A (t) is smaller than the mean
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model predicts a testable relationship between the observed
CDFs in the neutral and cued condition. Speciﬁcally, this
model implies that these two observed CDFs should
diverge at short RTs but converge at long RTs. To illus-
trate, in the speciﬁc case when d is long, A (t) and B (t)
would not overlap, and thus the overall CDF of the neutral
condition should reveal a plateau after an initial increase
due to the responses triggered by stimulus onset. After this
plateau the CDF should rise again, since RTs triggered by
the oﬀset will then contribute to the RT distribution.
Fig. 4 depicts the observed oﬀset RT distributions of
Experiment 1 for the neutral and cued condition. Each
panel displays the result for a single target duration. The
distributions shown in these panels are Vincentized cumu-
lative RT distributions (Vincent, 1912) and estimated with
the routine developed by Ulrich, Miller, and Schro¨ter
(in press).
The observed CDFs are clearly at variance with the
CDF prediction of the above mixture model. As one can
see, these observed CDFs do not obey the prediction of
the mixture model, that is, a divergence at short RTs and
a convergence at long RTs. In contrast, the empirical
CDFs revealed rather the reversed relationship from that
predicted by the mixture model. For example, for the two
shortest stimulus durations, the observed CDF of the neu-
tral and the cued condition converge for short RTs while
they diverge for long ones. Even for the longest target
duration, the observed CDFs do not agree with those pre-
dicted by the mixture model. Therefore this CDF analysis
rules out the possibility that the obtained results can be
attributed to this mixture model.
References
Baro, J. A., Brzezicki, L., Lehmkuhle, S., & Hughes, H. C. (1992). The
perceived duration of gratings. Perception, 21, 161–166.
Bonnel, A.-M., Possamaı¨, C.-A., & Schmitt, M. (1987). Early modulation
of visual input: a study of attentional strategies. Quarterly Journal of
Experimental Psychology: Human Experimental Psychology, 39,
757–776.
Briggs, G. G., & Kinsbourne, M. (1972). Visual persistence as measured
by reaction time. Quarterly Journal of Experimental Psychology, 24,
318–325.
Broadbent, D. E. (1958). Perception and Communication. London:
Pergamon Press.
Brown, S. W. (1995). Time perception and attention: the eﬀects of practice
versus retrospective paradigms and task demands on perceived
duration. Perception & Psychophysics, 38, 115–124.
Brown, S. W. (1997). Attention resources in timing: interference eﬀects in
concurrent temporal and nontemporal working memory tasks. Per-
ception & Psychophysics, 59, 1118–1140.
Carrasco, M., & McElree, B. (2001). Covert attention accelerates the rate
of visual information processing. Proceedings of the National Academy
of Sciences, USA, 98, 5363–5367.
Carrasco, M., Penpeci-Talgar, C., & Eckstein, M. (2000). Spatial covert
attention increases contrast sensitivity across the CSF: support for
signal enhancement. Vision Research, 40, 1203–1215.
Cheal, M. L., Lyon, D. R., & Hubbard, D. C. (1991). Does attention have
diﬀerent eﬀects on line orientation and line arrangement discrimina-
tion? The Quarterly Journal of Experimental Psychology, 43, 825–857.Deubel, H., & Schneider, W. X. (1996). Saccade target selection and object
recognition: evidence for a common attentional mechanism. Vision
Research, 36, 1827–1837.
Di Lollo, V., Enns, J. T., Yantis, S., & Dechief, L. G. (2000). Response
latencies to the onset and oﬀset of visual stimuli. Perception &
Psychophysics, 62, 218–225.
Downing, C. J. (1988). Expectancy and visual-spatial attention: eﬀects on
perceptual quality. Journal of Experimental Psychology: Human
Perception and Performance, 14, 188–202.
Efron, R. (1970). Eﬀect of stimulus duration on perceptual onset and oﬀset
latencies. Perception & Psychophysics, 8, 231–234.
Enns, J. T., Brehaut, J. C., & Shore, D. I. (1999). The duration of a brief
event in the mind’s eye. The Journal of General Psychology, 126,
355–372.
Hein, E., Rolke, B., & Ulrich, R. (2006). Visual attention and temporal
discrimination: Diﬀerential eﬀects of automatic and voluntary cueing.
Visual Cognition, 13, 29–50.
Henderson, J. M. (1991). Stimulus discrimination following covert
attentional orienting to an exogenous cue. Journal of Experimental
Psychology: Human Perception and Performance, 17, 91–106.
Henderson, J. M. (1996). Spatial precues aﬀect discrimination in the
absence of visual noise. Journal of Experimental Psychology: Human
Perception and Performance, 22, 780–787.
Hoﬀman, J. E., & Subramaniam, B. (1995). The role of visual attention in
saccadic eye movements. Perception & Psychophysics, 57, 787–795.
Jonides, J. (1980). Towards a model of the mind’s eye’s movement.
Canadian Journal of Psychology, 34, 103–112.
Loftus, G. R. (2002). Analysis, interpretation, and visual presentation of
experimental data. In H. Pashler (Ed.), Stevens’ handbook of experi-
mental psychology (pp. 339–390). New York: John Wiley.
Lu, Z.-L., & Dosher, B. A. (1998). External noise distinguishes attention
mechanisms. Vision Research, 38, 1183–1198.
Mattes, S., & Ulrich, R. (1998). Directed attention prolongs the perceived
duration of a brief stimulus. Perception & Psychophysics, 60,
1305–1317.
Maunsell, J. H., & Gibson, J. R. (1992). Visual response latencies in striate
cortex of the macaque monkey. Journal of Neurophysiology, 68,
1332–1344.
Mayfrank, L., Kimming, H., & Fischer, B. (1987). The role of attention
in the preparation of visually guided saccadic eye movements in
man. In J. K. O’Regan & A. Levy-Schoen (Eds.), Eye movements:
From physiology to cognition (pp. 37–45). New York: North-
Holland.
Niemi, P., & Na¨a¨ta¨nen, R. (1981). Foreperiod and simple reaction time.
Psychological Bulletin, 1, 133–162.
Parker, D. M. (1980). Simple reaction times to the onset, oﬀset, and
contrast reversal of sinusoidal grating stimuli. Perception & Psycho-
physics, 28, 365–368.
Pashler, H. E. (1998). The psychology of attention. Cambridge, MA: MIT
Press.
Posner, M. I., Snyder, C. R., & Davidson, B. J. (1980). Attention and the
detection of signals. Journal of Experimental Psychology: General, 109,
160–174.
Pratt, J., & Hirshhorn, M. (2003). Examining the time course of
facilitation and inhibition with simultaneous onset and oﬀset cues.
Psychological Research, 67, 261–265.
Rolke, B., Dinkelbach, A., Hein, E., & Ulrich, R. (2006). Does attention
impair temporal discrimination? Examining non-attentional accounts
(submitted for publication).
Schneider, K. A., & Bavelier, D. (2003). Components of visual prior entry.
Cognitive Psychology, 47, 333–366.
Shore, D. I., Spence, C., & Klein, R. M. (2001). Visual prior entry.
Psychological Science, 12, 205–212.
Titchener, E. B. (1908). Lectures on the elementary psychology of feeling
and attention. New York: MacMillan.
Tolhurst, D. J. (1975). Reaction times in the detection of gratings by
human observers: a probabilistic mechanism. Vision Research, 15,
1143–1149.
B. Rolke et al. / Vision Research 46 (2006) 2926–2933 2933Tse, P. U., Intriligator, J., Rivest, J., & Cavanagh, P. (2004). Attention
and the subjective expansion of time. Perception & Psychophysics, 66,
1171–1189.
Ulrich, R., Miller, J., & Schro¨ter, H. (in press). Testing the race model
inequality: an algorithm and computer programs. Behavior Research
Methods, Instruments, and Computers.
Ulrich, R., Nitschke, J., & Rammsayer, T. (in press). Perceived
duration of expected and unexpected stimuli. Psychological
Research.
Vincent, S. B. (1912). The function of the viborissae in the behavior of the
white rat. Behavioral Monographs, 1(5).Yeshurun, Y. (2004). Isoluminant stimuli and red background attenuate
the eﬀects of transient spatial attention on temporal resolution. Vision
Research, 44, 1375–1387.
Yeshurun, Y., & Carrasco,M. (1998). Attention improves or impairs visual
performance by enhancing spatial resolution. Nature, 396, 72–75.
Yeshurun, Y., & Carrasco, M. (1999). Spatial attention improves
performance in spatial resolution tasks. Vision Research, 39, 293–306.
Yeshurun, Y., & Carrasco, M. (2000). The locus of attentional eﬀects in
texture segmentation. Nature Neuroscience, 3, 622–627.
Yeshurun, Y., & Levy, L. (2003). Transient spatial attention degrades
temporal resolution. Psychological Science, 14, 225–231.
